Original Article ^^^k Radiation 

Radiat Oncol J 2014;32(2):49-56 I 1 Oncology 

http://dx.doi.org/10.3857/roj.201 4.32.2.49 | ^^^^^^f^^M JoUmal 

pISSN 2234-1900 ■ elSSN 2234-3156 



Definitive concurrent chemoradiotherapy in locally 
advanced pancreatic cancer 

Yoo-Kang Kwak, MD 1 , Jong Hoon Lee, MD 1 , Myung-Ah Lee, MD 2 , Hoo-Geun Chun, MD 2 , 
Dong-Goo Kim, MD 3 , Young Kyoung You, MD 3 , Tae-Ho Hong, MD 3 , Hong Seok Jang, MD 1 

Departments of 'Radiation Oncology, internal Medicine, and 3 Surgery, Seoul St. Mary's Hospital, 
The Catholic University of Korea College of Medicine, Seoul, Korea 



Purpose: Survival outcome of locally advanced pancreatic cancer has been poor and little is known about prognostic factors of 
the disease, especially in locally advanced cases treated with concurrent chemoradiation. This study was to analyze overall survival 
and prognostic factors of patients treated with concurrent chemoradiotherapy (CCRT) in locally advanced pancreatic cancer. 
Materials and Methods: Medical records of 34 patients diagnosed with unresectable pancreatic cancer and treated with 
definitive CCRT, from December 2003 to December 2012, were reviewed. Median prescribed radiation dose was 50.4 Gy (range, 41.4 
to 55.8 Gy), once daily, five times per week, 1.8 to 3 Gy per fraction. 

Results: With a mean follow-up of 10 months (range, 0 to 49 months), median overall survival was 9 months. The 1- and 2-year 
survival rates were 40% and 10°/o, respectively. Median and mean time to progression were 5 and 7 months, respectively. Prognostic 
parameters related to overall survival were post-CCRT CA19-9 (p = 0.02), the Eastern Cooperative Oncology Group (ECOG) status (p 
< 0.01), and radiation dose (p = 0.04) according to univariate analysis. In multivariate analysis, post-CCRT CA19-9 value below 180 
U/mL and ECOG status 0 or 1 were statistically significant independent prognostic factors associated with improved overall survival 
(p < 0.01 and p = 0.02, respectively). 

Conclusion: Overall treatment results in locally advanced pancreatic cancer are relatively poor and few improvements have been 
accomplished in the past decades. Post-treatment CA19-9 below 180 U/mL and ECOG performance status 0 and 1 were significantly 
associated with an improved overall survival. 
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Introduction 

According to the National Cancer Information Center of Korea, 
pancreatic cancer accounts for 2.3% of all cancer incidences 
and it is the 9th most common cancer in both men and women 
and 5th most common cause related to cancer death. Without 
clear early symptoms and with fast spread of the disease, 
more than 80% of pancreatic cancer is locally advanced 



at presentation [1]. Prognosis of locally advanced and 
unresectable pancreatic cancer is poor with a median survival 
of 6 to 10 months [2]. Treatment options for these cancers are 
chemotherapy, radiotherapy, chemoradiation, and palliative 
surgery. The Gastrointestinal Tumor Study Group reported 
prolonged survival using concurrent chemoradiation, with 
a median survival of 10 months, compared to radiotherapy 
alone [3]. Along with other trials, [4,5] the study established 
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chemoradiation as standard for patients with locally advanced 
pancreatic cancer. 

Many studies in the past several decades have reported on 
different strategies concerning treatments of locally advanced 
pancreatic cancer. Most commonly used chemotherapeutic 
agents are 5-fluorouracil (5-FU) and gemcitabine. A number of 
other single agents and their combinations have been assessed 
[6-8]. Novel target agents are also under investigation [9]. From 
a radiotherapeutic point of view, radiation field modification, 
radiation dose escalation, and different treatment modalities 
have been attempted. Since pancreas is surrounded by the 
duodenum and small intestines, delivering radiation doses 
exceeding 50.4 Gy in conventional fractionation in traditional 
radiation fields were nearly impossible. With intensity- 
modulated radiation therapy (IMRT) and stereotactic body 
radiation therapy (SBRT), dose escalation with more accurate 
targeting and normal tissue sparing are becoming feasible. 

However, even with all these attempts, treatment outcomes 
of locally advanced pancreatic cancer remain in the same 
range. Moreover, little is known about prognostic factors of 
the disease, especially in locally advanced cases treated with 
concurrent chemoradiotherapy (CCRT). 

In this study, we retrospectively reviewed medical records 
of patients with locally advanced pancreatic cancer who 
were treated with definitive CCRT. Overall survival (OS) and 
progression-free survival (PFS) were analyzed and prognostic 
factors were assessed. 

Materials and Methods 

Medical records of patients diagnosed with unresectable 
pancreatic cancer and treated with chemoradiation, from 
December 2003 to December 2012, were reviewed. Among 40 
patients, 2 patients who received sequential chemoradiation, 3 
patients treated below 40 Gy of radiation, and one patient with 
multiple hepatic metastases were excluded. Conclusively, 34 
patients treated with CCRT were enrolled. Of the 34 patients, 
25 patients were histologically confirmed whereas remaining 9 
patients failed biopsy because of the difficulties in approaching 
due to abutment or invasion to major vessels. Twenty-six cases 
met the definition on unresectable disease, according to the 
National Comprehensive Cancer Network guidelines: 1) > 1 80 
degrees of superior mesentery artery encasement, any celiac 
abutment, or inferior vena cava abutment; 2) unreconstructible 
superior mesenteric vein and/or portal occlusion; 3) aortic 
invasion; and 4) distant metastasis [10]. Four pancreatic tail 



cancers, one T2 case, and one T3 case were included, which 
the surgeon considered inoperable because they had splenic 
vessel encasement, left renal artery encasement, or left adrenal 
invasion. One unresectable case with T-colon invasion and one 
T2 case which the patient refused surgery were also included. 
Exclusion criteria were co-existent malignancies, history of 
radiotherapy, and prior surgery, such as surgical resection or 
surgical bypass. Approval of our Institutional Review Board 
was achieved. 

1. Assessment 

Chart review focused on patients' age, sex, the Eastern 
Cooperative Oncology Group (ECOG) performance status, 
tumor location (head, body, tail), jaundice (serum bilirubin 
levels), tumor histologic types, pre- and post-treatment CA19- 
9 levels (normal range was 0 to 37 lU/mL), and pre- and post- 
treatment esophagogastroduodenoscopy results. Abdomen 
and pelvis computed tomography (CT) scans were obtained 
and other radiologic studies like chest CT or FDG-positron 
emitting tomography scans to evaluate distant metastasis 
were done. Staging was done according to the American Joint 
Committee of Cancer (AJCC) 7th edition. If needed, endobiliary 
or percutaneous bile drainage was performed. After CCRT 
started, patients were interviewed once weekly during the 
whole course and routine complete blood counts and blood 
chemistry were examined for assessment. Patients were 
evaluated one month after completion of CCRT to examine 
the disease status and treatment outcomes. They were re- 
evaluated at every 3 to 6 months, thereafter. 

2. Radiotherapy 

Radiation was delivered at a median dose of 50.4 Gy (range, 
41.4 to 55.8 Gy), once daily, 5 times per week, 1.8 to 3 Gy 
per fraction. Median time to complete CCRT was 5.5 weeks. 
Twenty-six patients were treated with conventional radiation 
therapy with 3-field or 4-box-field technique using high 
energy linear accelerator. The remaining eight patients were 
treated with IMRT using Tomotherapy. 

Simulation was done in supine position with both arms up 
together and Vac-Lok (CIVCO Medical Solutions, Coralville, 
IA, USA) was used for immobilization. For IMRT, compression 
with vacuum was done to minimize respiratory movements of 
the abdomen. Contrast enhanced CT simulation was done and 
5-mm sliced CT was obtained at least one week before CCRT 
began. 

Gross tumor and all visible lymph nodes were delineated 
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slice by slice. Regional lymph nodes, such as anterior and 
posterior pancreaticoduodenal lymph nodes, supra- and infra- 
pancreatic head and body nodes, SMA nodes, celiac axis nodes, 
hepatoduodenal ligament nodes, para-aortic nodes, aortocaval 
nodes, and splenic artery nodes were included. For IMRT, 
clinical target volume (CTV) was the regional lymph nodes plus 
0.5 cm margin around the gross tumors. With concern of set- 
up errors and organ movements, CTV with an additional 0.5 to 
1 cm margin was defined as planning target volume (PTV). 

Most of the cases with conventional radiation therapy were 
treated with a total dose of 50.4 Gy/28 fx whereas median 
50 Gy with daily 2.5 to 3 Gy/fx was delivered in cases with 
Tomotherapy. For patients treated with conventional radiation 
therapy, field size was reduced after 45 Gy to the gross 
tumor volumes. With Tomotherapy, simultaneous integrated 
boost was feasible with GTV receiving 50 to 60 Gy while PTV 
receiving 45 to 55 Gy in 20 to 25 fractions. 

When analyzing on radiation dose, equivalent dose in 1.8 Gy 
per fraction (EQD 18 ) was calculated, using an estimated a/jS 
ratio of 10. 

3. Chemotherapy 

Chemotherapy regimen used for CCRT was 5-FU in most 
cases with one exception treated with FL (5-FU, leucovorin). 
Intravenous infusion of 5-FU was administered at a dose 
of 600 mg/m 2 , weekly, 4 to 5 times during radiotherapy or 
1,000 mg/m 2 for 3 days at the beginning and in the end of 
the radiotherapy. Gemcitabine, when given as neoadjuvant or 
adjuvant chemotherapy, was administered weekly at a dose of 
200 mg/m 2 , intravenously. 

Thirty-three patients received 5-FU chemotherapy and one 
patient received FL. Prior to CCRT, four patients (12%) received 
neoadjuvant chemotherapy with gemcitabine. Twenty-three 
patients (68%) were treated with adjuvant chemotherapy, 
most with gemcitabine. 

4. Statistical analyses 

Primary endpoint of this retrospective study was OS and PFS 
rates. Secondary endpoints were prognostic factors, treatment 
response, and treatment toxicities. OS time was counted 
from the date of diagnosis to death or the last follow-up 
date in survivors. Progression free survival time was from 
the date of completion of CCRT to the date of progression. 
Survival curves and local control rates were achieved using 
the Kaplan-Meier method and the differences were evaluated 
by log-rank test. Univariate and multivariate analyses as 



well as Cox proportional hazards models were used to assess 
prognostic factors. Treatment response was assessed by 
comparing abdomen CTs taken before and after radiotherapy 
using Response Evaluation Criteria in Solid Tumors (RECIST) 
ver. 1.1 [11]. To identify the relationship between toxicities 
and radiation dose, Pearson correlation analysis was used. 
When interpreting the results, p-values less than 0.05 were 



Table 1. Patient characteristics 


Characteristic 


Value 


Age (yr) 


69 (42-89) 


Gender 




Male 


23 (68) 


Female 


11 (32) 


Tumor location 




Head 


18 (53) 


Body 


11 (32) 


Tail 


5 (15) 


Clinical tumor stage 




T2 


2 (6) 


T3 


1 (3) 


T4 


31 (91) 


Clinical nodal stage 




NO 


22 (65) 


N1 


12 (35) 


Jaundice 




Negative 


28 (82) 


Positive 


6 (18) 


Performance status (EC0G) 




0-1 


20 (59) 


2-3 


14(41) 


Pre-CCRTCA19-9 (U/mL) 


2.3-3,900 


<180 


21 (62) 


>180 


12 (35) 


Not checked 


1 (3) 


Post-CCRTCA19-9 (U/mL) 


0.97-766.4 


<180 


15 (44) 


>180 


18 (53) 


Not checked 


1 (3) 


Radiation dose (Gy, EQD la ) 




<53 


23 (68) 


>53 


11 (32) 


Radiation techniques 




Conventional RT 


26 (76) 


IMRT 


8 (24) 



Values are presented as median (range) or number (%). 
EC0G, Eastern Cooperative Oncology Group; CCRT, concurrent 
chemoradiotherapy; CA19-9, carbohydrate antigen 19-9; EQD 18 , 
equivalent dose in 1.8 Gy per fraction; RT, radiotherapy; IMRT, 
intensity-modulated radiation therapy. 
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considered significant. All data were computed and analyzed 
with SPSS ver. 12.0 for Windows (SPSS Inc., Chicago, IL, USA). 

Results 

1 . Patients 

Characteristics of all patients are shown in Table 1. 

2. Treatment response 

Treatment response was analyzable in 28 patients (82%); six 
patients had inadequate follow-up. Mean interval from the 
date of CCRT completion to treatment response evaluation was 
26 days. Response evaluation was based on imaging studies 
taken within 3 months after completion of CCRT. None of the 
patients went through histologic confirmation. One patient 
achieved complete response and 10 patients (36%) achieved 



partial response. Fourteen patients (50%) had stable disease 
and the remaining three patients had progressive disease. 

3. Overall survival and progression-free survival 

With a mean follow-up of 10 months (range, 0 to 49 months), 
median OS was 9 months. The 1- and 2-year survival rates 
were 40% and 10%, respectively. Median and mean time to 
progression were 5 and 7 months, respectively. Median time to 
local progression was 9 months and distant progression was 5 
months. One-year local control rate was 8%. Failure pattern in 
27 evaluable patients were as follows: 2 patients were free of 
local or distant progression at last follow-up. Five patients had 
local progression and 9 patients had distant progression. Both 
local and distant progression occurred in 12 patients. One 
patient was lost to follow-up. For those who developed distant 
metastasis, the most common site was peritoneum (26%), 



Table 2. Prognostic factors for overall survival 



Factor 


No. (%) 


Median survival time (mo) 


p-value 


UMIVdMdLC IVIUIUVdMdLC 


Age (yr) 






0.12 


<70 


1 7 (50) 


9 (1-49.7) 




>70 


1 7 (50) 


8.27 (0.5-21.8) 




Gender 






0.43 


Male 


24 (70) 


9 (0.5-49.7) 




Female 


10 (30) 


8.8 (5.8-18.7) 




Pre-CCRTCA19-9 (U/mL) 






0.12 


<180 


12 (35) 


11.5 (2.5-49.7) 




>180 


20 (58) 


8.83 (1.0-26.8) 




Post-CCRTCA19-9 (U/mL) 






0.02 <0.01 


<180 


20 (57) 


13.7 (5.8-49.7) 




>180 


10 (29) 


7.37 (0.5-18.3) 




ECOG 






<0.01 0.02 


0-1 


20 (59) 


13.7 (6.7-49.7) 




2-3 


14 (41) 


5.8 (0.5-35.6) 




Tumor location 






0.96 


Head 


18 (53) 


7.3 (1-49.7) 




Body or tail 


1 6 (47) 


9 (0.5-26.8) 




Clinical T stage 






0.20 


T2 


2 (6) 


8.1 (8.1-49.7) 




T3 


1 (3) 


25.2 (-) 




T4 


31 (81) 


9 (0.5-35.6) 




Clinical N stage 






0.11 


NO 


22 (65) 


9.3 (2.5-49.7) 




N1 


12 (35) 


8.1 (0.5-21.8) 




Radiation dose (6y, 8 ) 






0.04 


<53 


21 (62) 


8.83 (0.5-35.6) 




>53 


13 (38) 


18.3 (6.27-49.7) 





CCRT, concurrent chemoradiotherapy; CA19-9, carbohydrate antigen 19-9; ECOG, Eastern Cooperative Oncology Group. 
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0.00 10.00 20.00 30.00 40.00 50.00 

Overall survival (mo) 
Fig. 1. Overall survival and post-treatment serum CA19-9 levels. 



followed by liver (20%), lung, bone, and lymph node. 

4. Prognostic factors 

Prognostic parameters related to OS were post-CCRT CA19- 
9 (> 1 80 or < 1 80 U/mL), EC0G status and radiation dose 
(>53 or <53 Gy) according to univariate analysis (Table 2). 
In multivariate analysis, post-CCRT CA19-9 value below 180 
U/mL and EC0G status 0 or 1 were statistically significant 
independent prognostic factors associated with improved OS (p 
< 0.01 and p = 0.02, respectively) (Figs. 1 and 2). 

Prognostic factors for PFS were also assessed. Only EC0G 
status showed statistical significance (p = 0.02) and post- 
CCRT CA19-9 value showed marginal significance (p = 0.06) in 
univariate analysis. In multivariate analysis, EC0G 0 or 1 had 
statistically better PFS than EC0G 2 or 3 (p = 0.02). 

One-year local control rate in radiation dose below 53 Gy 
was 0% compared to 13°/o in radiation dose >53 Gy. However, 
there was no statistically significant relationship between local 
control rate and radiation dose >53 or <53 Gy (p = 0.47). 

5. Toxicities 

Acute toxicities were graded according to Common Terminology 
Criteria for Adverse Events (CTCAE) ver. 4.0. All 34 patients 
were assessed for acute toxicities (Table 3). One patient 
suffered from grade 3 abdominal pain and thrombocytopenia 
with neutropenia. This patient was treated with neoadjuvant 
chemotherapy with 6 cycles of erlotinib and gemcitabine 
followed by CCRT with epirubicin, cisplatin, and oral UFT 
(ECU). One patient experienced grade 3 nausea. Three patients 
experienced duodenal or gastric ulcer bleeding within 2 
months after CCRT completion and were managed by proton 
pump inhibitor. No treatment related life threatening events or 




0.0- 



— I 1 1 1 1 1 

0.00 10.00 20.00 30.00 40.00 50.00 
Overall survival (mo) 

Fig. 2. Overall survival and Eastern Cooperative Oncology Group 
(ECOG) performance status. 



Table 3. Acute and late toxicities 





None 


Grade 
1 


Grade 
2 


Grade 
3 


Acute toxicities (CTCAE ver. 4.0) 










Nausea and vomiting 


4 


20 


7 


1 


Abdominal pain 


7 


18 


7 


1 


Diarrhea 


23 


9 


0 


0 


Duodenal/gastric ulcer 


29 


3 


3 


0 


Hematologic toxicities 


16 


11 


5 


0 


Late toxicities (RTOG/EORTC) 










Small/large intestine 


2 


5 


7 


1 



CTCAT, Common Terminology Criteria for Adverse Events; RTOG/ 
EORTC, Radiation Therapy Oncology Group/European Organiza- 
tion for Research and Treatment of Cancer. 



death occurred. Late toxicities, which occurred 3 months after 
CCRT, were graded according to RTOG/EORTC Radiation Toxicity 
Grading [12]. Only 14 patients (40%) were evaluable for late 
complications because of follow-up loss and early deaths. One 
patient with duodenal 2nd portion obstruction required stent 
insertion. Correlation between toxicities and radiation dose or 
treatment modalities did not reach statistical significance. 

Discussion and Conclusion 

Prognosis of unresectable, locally advanced pancreatic 
cancer is depressing and not many therapeutic advances 
have been forthcoming. In 1980, the Gastrointestinal Tumor 
Study Group (GITSG) reported better treatment outcomes 
of locally advanced pancreatic cancer with CCRT compared 
to radiotherapy alone with median survival times of 10 and 
6 months, respectively [3]. Several other randomized trials 
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comparing single modality therapy, either chemotherapy alone 
or radiotherapy alone, to CCRT was performed: a median 
survival of 8.3 to 11.4 months in combined-modality arms 
and 5.5 to 7.4 months in single-modality arms were reported 
[13,14]. In our study, the median OS was 9 months. Although 
our survival outcome is in the lower range of the reported 
data, grade 3 or higher late (7°/o) toxicities were acceptable 
and there were no fatal complications. In one prospective 
study, severe late toxicities (26%) occurred and there was 1 
treatment related death although they showed improved OS 
with high dose radiotherapy [15]. 

To improve local control rates of unresectable pancreatic 
cancer, investigators are trying to find ways to deliver higher 
radiation doses. The GITS6 in 1981 compared 40 Gy and 60 
Gy plus 5-FU, but the results did not yield significant survival 
differences. The authors used anterior-posterior opposing 
radiation beams [3]. Murphy et al. [16] confirmed that 
radiation fields covering only the gross tumors and omitting 
prophylactic lymph nodes do not cause marginal failures. 
In their study, three-dimensional conformal radiotherapy 
technique was adopted and even with full-dose gemcitabine, 
they reported reduced toxicities. Chang et al. [15] reported on 
high-dose helical tomotherapy with concurrent chemotherapy 
and demonstrated significantly enhanced local control and 
long-term survival. Median radiation dose was 58.4 Gy. 
Golden et al. [17] demonstrated a superior OS in patients who 
received radiation dose exceeding 54 Gy. However, our study 
was incompetent in proving improved local control rate by 
delivering higher radiation dose. This was likely due to our 
targets in IMRT cases included regional lymph nodes, unlike 
other studies that included only gross tumors. Therefore, 
satisfying dose escalation could not be done. Perhaps with 
smaller targets confined to gross tumor volumes, we would 
be able to deliver higher doses and demonstrate an improved 
local control like the other two mentioned studies. Recent trials 
are improving on accurate targeting and dose escalation with 
IMRT, SBRT, or proton therapy, expecting on improvements in 
both local control rates and OS rates [18-20]. Although firm 
evidence with phase III trial is lacking, some of these studies 
suggest encouraging outcomes. 

In this study, 44% had local and distant failure, 37% had 
distant metastasis, and 19% had local progression. High rates 
of distant failure imply that using more effective systemic 
chemotherapy in a CCRT regimen could improve treatment 
outcomes. FFCD-SFRO in 2001 reported improved survival 
rates by treating locally advanced pancreatic cancer with 



gemcitabine alone [21]. However, Crane et al. [22] compared the 
toxicity of CCRT with gemcitabine to 5-FU and demonstrated 
significantly higher severe toxicity in gemcitabine group. 
Several other groups analyzed on gemcitabine-based CCRT and 
reported superior or at least similar survival rates over 5-FU. 
Among these, some studies reduced toxicities by reducing 
radiation field size [16,23-25]. Upon these attempts, cautious 
anticipation can be made on reducing distant failures with a 
more effective systemic chemotherapy. 

Since the treatment outcome of unresectable pancreatic 
cancer is dismal, not much data are available to address 
prognostic factors of the disease. Several studies with different 
treatments and patient groups have shown a relationship 
between CA19-9 and treatment response [26-28]. Yoo et 
al. [29] reported pre-treatment and post-treatment CA19-9 
levels were significantly related to OS in univariate analysis. 
In multivariate analysis, only pre-treatment CA19-9 was 
statistically significant. Their cut-off values for pre-treatment 
CA19-9 was 400 U/mL and for post-treatment CA19-9 was 
200 U/mL. Micke et al. [30] also reported that CA19-9 was 
predictive for prognosis, response, and recurrence. Both 
pre- and post-treatment CA19-9 values were statistically 
significant. Their cut-off values were the median values; 420 
U/mL for pre-treatment CA19-9 and 293 U/mL for post- 
treatment CA19-9. Montgomery et al. [31] published on post- 
resection CA19-9 values in adenocarcinoma of the pancreas 
and postoperative CA19-9 <1 80 U/mL had similar disease-free 
and median survival compared to the patients who reached 
normal values after resection. Our study also demonstrated 
improved OS with lower post-treatment CA19-9 values. Cut- 
off value used for analysis was the median of all measured 
post-treatment serum CA19-9 levels. Improved OS was 
observed in patients whose post-CCRT CA19-9 values were 
below 180 U/mL. 

There are several limitations in this study. First, this is a 
retrospective study and selection bias is inevitable. Toxicities 
were recorded upon physicians' subjective judgments and 
this also could have contributed to inaccurate data collection. 
Moreover, our sample size is relatively small. To keep the cohort 
homogeneous, only a small number of patients were chosen. 
All of the patients were treated with radiation dose >40 Gy 
and treated with 5-FU, except for one case. In the current 
study, Lewis (Le) blood group antigen was not evaluated in the 
patients diagnosed with pancreatic cancer. In patients with 
Le a " b " phenotypes, CA19-9 elevation is not detected and this 
occurs in 5% of the population [32]. 
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Despite the limitations, treatment outcomes in our study are 
in the range of other published reports on the treatment of 
locally advanced pancreas cancer. Along with the results, we 
assume post-treatment serum CA19-9 levels and performance 
status have an impact on the prognosis of the disease. 

In conclusion, this study shows comparable outcomes of 
locally advanced pancreatic cancer treated with CCRT as other 
studies with acceptable toxicities. The prognostic factors 
related to survival rates from this study were performance 
status and post-treatment serum CA19-9 levels. Since the 
results of CCRT with conventional fractionation and extant 
chemotherapy remains in a similar range for decades, the 
emerging and encouraging data on SBRT or proton therapy 
could be a treatment alternative in the future. 

Conflict of Interest 

No potential conflict of interest relevant to this article was 
reported. 

References 

1. Royal RE, Wolff RA, Crane CH. Cancer of pancreas. In: DeVita 
VT, Lawrence TS, Rosenberg SA, editors. DeVita, Hellman, and 
Rosenberg's cancer: principles Et practice of oncology. 9th ed. 
Philadelphia: Lippincott Williams & Wilkins; 2011. p. 961-89. 

2. Park JK, Yoon YB, Kim YT, et al. Survival and prognostic factors 
of unresectable pancreatic cancer. J Clin Gastroenterol 2008; 
42:86-91. 

3. Moertel CG, Frytak S, Hahn RG, et al. Therapy of locally 
unresectable pancreatic carcinoma: a randomized comparison 
of high dose (6000 rads) radiation alone, moderate dose 
radiation (4000 rads + 5-fluorouracil), and high dose radiation 
+ 5-fluorouracil: The Gastrointestinal Tumor Study Group. 
Cancer 1981;48:1705-10. 

4. Gastrointestinal Tumor Study Group. Treatment of locally 
unresectable carcinoma of the pancreas: comparison of 
combined-modality therapy (chemotherapy plus radiotherapy) 
to chemotherapy alone. J Natl Cancer Inst 1988;80:751-5. 

5. Gastrointestinal Tumor Study Group. A multi-institutional 
comparative trial of radiation therapy alone and in combination 
with 5-fluorouracil for locally unresectable pancreatic 
carcinoma. Ann Surg 1979;189:205-8. 

6. Kornek GV, Schratter-Sehn A, Marczell A, et al. Treatment of 
unresectable, locally advanced pancreatic adenocarcinoma 
with combined radiochemotherapy with 5-fluorouracil, 
leucovorin and cisplatin. Br J Cancer 2000;82:98-103. 

7. Safran H, King TP, Choy H, et al. Paclitaxel and concurrent 



radiation for locally advanced pancreatic and gastric cancer: a 
phase I study. J Clin Oncol 1997;15:901-7. 

8. Hawes RH, Xiong Q, Waxman I, Chang KJ, Evans DB, 
Abbruzzese JL A multispecialty approach to the diagnosis and 
management of pancreatic cancer. Am J Gastroenterol 2000; 
95:17-31. 

9. Gorovets D, Saif MW, Huber K. Novel treatment approaches 
for locally advanced pancreatic cancer. JOP 201 4; 1 5:95-8. 

10. Kim HS, Yi SY, Jun HJ, et al. Definitive chemoradiation therapy 
with capecitabine in locally advanced pancreatic cancer. 
Anticancer Drugs 2010;21:107-12. 

11. Eisenhauer EA, Therasse P, Bogaerts J, et al. New response 
evaluation criteria in solid tumours: revised RECIST guideline 
(version 1.1). Eur J Cancer 2009;45:228-47. 

12. Cox JD, Stetz J, Pajak TF. Toxicity criteria of the Radiation 
Therapy Oncology Group (RTOG) and the European 
Organization for Research and Treatment of Cancer (EORTC). 
IntJ Radiat Oncol Biol Phys 1995;31:1341-6. 

13. Cardenes HR, Chiorean EG, Dewitt J, Schmidt M, Loehrer 
P. Locally advanced pancreatic cancer: current therapeutic 
approach. Oncologist 2006;11:612-23. 

14. Earle CC, Agboola 0, Maroun J, Zuraw L; Cancer Care Ontario 
Practice Guidelines Initiative's Gastrointestinal Cancer Disease 
Site Group. The treatment of locally advanced pancreatic 
cancer: a practice guideline. Can J Gastroenterol 2003;17:161- 
7. 

15. Chang JS, Wang ML, Koom WS, et al. High-dose helical 
tomotherapy with concurrent full-dose chemotherapy for 
locally advanced pancreatic cancer. Int J Radiat Oncol Biol 
Phys 2012;83:1448-54. 

16. Murphy JD, Adusumilli S, Griffith KA, et al. Full-dose 
gemcitabine and concurrent radiotherapy for unresectable 
pancreatic cancer. IntJ Radiat Oncol Biol Phys 2007;68:801-8. 

17. Golden DW, Novak CJ, Minsky BD, Liauw SL. Radiation dose 
>54 Gy and CA 19-9 response are associated with improved 
survival for unresectable, non-metastatic pancreatic cancer 
treated with chemoradiation. Radiat Oncol 201 2;7:156. 

18. Tozzi A, Comito T, Alongi F, et al. SBRT in unresectable 
advanced pancreatic cancer: preliminary results of a mono- 
institutional experience. Radiat Oncol 2013;8:148. 

19. Trakul N, Koong AC, Chang DT. Stereotactic body radiotherapy 
in the treatment of pancreatic cancer. Semin Radiat Oncol 
2014;24:140-7. 

20. Terashima K, Demizu Y, Hashimoto N, et al. A phase l/ll study 
of gemcitabine-concurrent proton radiotherapy for locally 
advanced pancreatic cancer without distant metastasis. 
Radiother Oncol 2012;103:25-31. 

21. Barhoumi M, Mornex F, Bonnetain F, et al. Locally advanced 
unresectable pancreatic cancer: Induction chemoradiotherapy 
followed by maintenance gemcitabine versus gemcitabine 



http://dx.doi.org/10.3857/roj.2014.32.2.49 



www.e-roj.org 55 



Yoo-Kang Kwak, et al 



Radiation Oncology Journal 



alone: definitive results of the 2000-2001 FFCD/SFR0 phase III 
trial. Cancer Radiother 2011;15:182-91. 

22. Crane CH, Abbruzzese JL, Evans DB, et al. Is the therapeutic 
index better with gemcitabine-based chemoradiation than 
with 5-fluorouracil-based chemoradiation in locally advanced 
pancreatic cancer? Int J Radiat Oncol Biol Phys 2002;52:1293- 
302. 

23. Huang PI, Chao Y, Li CP, et al. Efficacy and factors affecting 
outcome of gemcitabine concurrent chemoradiotherapy in 
patients with locally advanced pancreatic cancer. Int J Radiat 
Oncol Biol Phys 2009;73:159-65. 

24. Li CP, Chao Y, Chi KH, et al. Concurrent chemoradiotherapy 
treatment of locally advanced pancreatic cancer: gemcitabine 
versus 5-fluorouracil, a randomized controlled study. Int J 
Radiat Oncol Biol Phys 2003;57:98-104. 

25. Ogawa K, Ito Y, Hirokawa N, et al. Concurrent radiotherapy 
and gemcitabine for unresectable pancreatic adenocarcinoma: 
impact of adjuvant chemotherapy on survival. Int J Radiat 
Oncol Biol Phys 2012;83:559-65. 

26. Abrams RA, Grochow LB, Chakravarthy A, et al. Intensified 
adjuvant therapy for pancreatic and periampullary 
adenocarcinoma: survival results and observations regarding 
patterns of failure, radiotherapy dose and CA19-9 levels. Int J 
Radiat Oncol Biol Phys 1999;44:1039-46. 



27. Heinemann V, Schermuly MM, Stieber P, et al. CA19-9: 
a pedictor of response in pancreatic cancer treated with 
gemcitabine and cisplatin. Anticancer Res 1999;19:2433-5. 

28. Ishii H, Okada S, Tokuuye K, et al. Protracted 5-fluorouracil 
infusion with concurrent radiotherapy as a treatment for 
locally advanced pancreatic carcinoma. Cancer 1 997;79 : 1 51 6- 
20. 

29. Yoo T, Lee WJ, Woo SM, et al. Pretreatment carbohydrate 
antigen 19-9 level indicates tumor response, early distant 
metastasis, overall survival, and therapeutic selection in 
localized and unresectable pancreatic cancer. Int J Radiat 
Oncol Biol Phys 2011 ;81 :e623-30. 

30. Micke 0, Bruns F, Kurowski R, et al. Predictive value of 
carbohydrate antigen 19-9 in pancreatic cancer treated with 
radiochemotherapy. Int J Radiat Oncol Biol Phys 2003;57:90- 
7. 

31. Montgomery RC, Hoffman JP, Riley LB, Rogatko A, Ridge JA, 
Eisenberg BL. Prediction of recurrence and survival by post- 
resection CA 19-9 values in patients with adenocarcinoma of 
the pancreas. Ann Surg Oncol 1997;4:551-6. 

32. Magnani JL, Steplewski Z, Koprowski H, Ginsburg V. 
Identification of the gastrointestinal and pancreatic cancer- 
associated antigen detected by monoclonal antibody 19-9 in 
the sera of patients as a mucin. Cancer Res 1983;43:5489-92. 



56 www.e-roj.org 



http://dx.doi.Org/10.3857/roj.2014.32.2.49 



